Abstract: Individuals who do not have a 10% to 20% reduction in blood pressure (BP) during the night are known as 'nondippers'. Non-dipping patterns in hypertensive patients have been shown to be associated with an excess of target organ damage and other adverse outcomes. The present study was designed to investigate the relationship between nocturnal BP pattern, defined on the basis of the ambulatory blood pressure monitoring (ABPM) recording, and cardiac and renal target organ damage in a population of at least one year treated essential hypertensive subjects. The present analysis involved 123 patients with treated essential hypertension attending the outpatient clinic of our centre. Each patient was subjected to the following procedures: blood sampling for routine blood chemistry, spot urine for proteinuria, 24-hour periods of ABPM, and echocardiography. In the ABPM period, a dipping pattern was observed in 65 of the 123 patients, and a non-dipping pattern in 58 patients. Body mass index was higher in the non-dippers (26 ± 4 versus 28 ± 4, p<0.05). The proteinuria in spot urine was significantly higher in the non-dippers (10 ± 6 versus 24 ± 48, p<0.03). Left ventricular mass, interventricular septum thickness, posterior wall thickness and left ventricular systolic diameter were significantly higher in the non-dippers compared to the dippers. Left ventricular diastolic function was similar in non-dipper cases, except E-wave deceleration time. In treated essential hypertensives the blunted or absent nocturnal fall in blood pressure can be a strong predictor of cardiac and renal events. Hypertensive patients should be evaluated by ambulatory blood pressure monitoring. To prevent patients at risk for morbidity and mortality casualities as a result of hypertension, patients should be evaluated by ambulatory blood pressure monitoring. This method can be utilized for exacting future follow-ups with the patient.
Introduction
There is mounting evidence that ambulatory blood pressure monitoring (ABPM) is superior to clinical blood pressure (BP) in the diagnosis and prognostic evaluation of hypertensive subjects, as it provides a large number of measurements taken during habitual daily activities and sleep [1, 2] .
With the use of the 24-hour ABPM, researchers have observed that BP usually fluctuates in a diurnal manner [3] . Diurnal refers to the daily variation of BP that is generally higher during the day than at night. Most people have an average night-time BP that is 10-20% lower than their average daytime BP [4] . Individuals with this normal night-time reduction are known as dippers, whereas the normal nocturnal fall of BP is diminished or blunted, the term "non-dipper" is applied.
The lack of nocturnal fall in BP has been related to an increase in target organ damage (TOD) and cardiovascular events. A number of studies have demonstrated that a non-dipping pattern in hypertensive individuals is associated with left ventricular hypertrophy [5] , abnormalities in carotid structure [6] , renal dysfunction [7] , silent cerebrovascular disease [8] , and is an independent predictor of cardiovascular events [9] . Other studies have failed to discover significant differences in cardiac and extra cardiac damage between night-time BP patterns among persons with essential hypertension. Several researchers have observed no significant differences in left ventricular hypertrophy (LVH) [10, 11] , left ventricular mass (LVM) [3, 12] , left ventricular mass index (LVMI) [3, 13] , carotid artery intimae to medial thickness [14, 15] , carotid artery plaques [15] , cognitive functioning [16] , microalbuminuria [17] , and retinopathy [17] .
A number of methodological problems, including different classification criteria for dippers and nondippers, inappropriate selection of cases and controls, insufficient sample size, the effects of antihypertensive treatment and the limited reproducibility over time of nocturnal variations in BP, could explain conflicting conclusions obtained from a single nocturnal BP profile.
The mechanisms underlying the loss of the nocturnal reduction in BP are not completely understood. There is evidence to suggest the nondipping BP pattern is associated with autonomic nervous system activity impairment given that during the night individuals with a nondipping BP pattern have been found to have increased sympathetic nervous system activity [18] , decreased parasympathetic nervous system activity [19] , and have higher levels of epinephrine and norepinephrine when compared to individuals with a normal reduction in night-time BP [18] . However, there is also evidence to suggest that a nondipping BP profile may be associated with several demographic, physiological and psychosocial factors [20] .
The present study was designed to investigate the relationship between nocturnal BP pattern defined on the basis of the ABPM recording, with cardiac and renal TOD in a population of hypertensives treated for at least one year.
Material and Methods

Study population and design
The present analysis involved 123 patients with treated essential hypertension attending the out-patient clinic of Fatih University, Department of Cardiology during a period of fifteen months (June 2006 -August 2007). All patients had been regularly followed-up for a period of at least one year. Patients with secondary hypertension, history or clinical evidence of congestive heart failure, previous myocardial infarction or coronary bypass, cardiac valve disease, stroke, diabetes mellitus or renal insufficiency were excluded. All patients were under anti-hypertensive therapy. Those who met the inclusion criteria and gave informed consent to participate in the study underwent the following procedures: (i) blood sampling for routine blood chemistry; (ii) spot urine for proteinuria; (iii) 24-h periods of ABPM; (iv) echocardiography. To avoid some of these potential methodological problems, in the present study we chose to define the night-time interval as the effective bed-rest period of 8 hours in order to consider a large number of BP recordings. The study protocol was approved by the ethics committees of the institutions involved.
Ambulatory Blood Pressure Monitoring (ABPM)
Twenty-four hour ABPMs were carried out on the nondominant arm using a device (Delmar Reynolds, tracker NIBP 2) after validation of readings against a mercury sphygmomanometer by means of a Y tube. The device was set to obtain BP readings at 15 minute intervals during the day (07.00-23.00 h) and at 20 minute intervals during the night (23.00-07.00 h). The time of application (± 1 h) and the type of devices used for all patients was identical. The patients were instructed to attend their usual day-today activities but to keep with their measurement times. All subjects were asked to go to bed not later than 23.00 hours and to stay in bed until 07.00. The BP monitoring was habitually performed over a working day (Monday to Friday). Each ABPM dataset was first automatically scanned to remove artefactual readings according to preselected editing criteria. Systolic readings > 260 or < 70 mmHg and diastolic readings > 150 or < 40 mmHg were automatically discarded. The recording was then analyzed to obtain 24-hour daytime and nighttime averages for SBP, DBP and heart rates. According to the criterion of Verdecchia and colleagues, hypertensive patients with a nocturnal reduction in average daytime systolic BP and diastolic BP of less than 10% were classified as nondippers, while those with nighttime reduction of 10% or more were classified as dippers [21] .
Echocardiography
Standard Echocardiography
In this study, we used a Toshiba corevision-pro machine with a 2.5-MHz probe. Echocardiography was performed while the patient was at rest, in the partial left decubitus position, with use of standard parasternal, short-axis, and apical views. Measurements of interventricular septal thickness (IVST), left ventricular end-diastolic dimension (LVIDd), left ventricular end-systolic dimension (LVIDs), posterior wall thickness (PWT) and left atrial diameter were made according to the recommendations of the American Society of Echocardiography [22] . Left ventricular mass was calculated by the formula of Devereux and Reichek [23] . Relative wall thickness (RWT) was calculated as (2xPWT/LVIDd).
Conventional Doppler Echocardiography
Left ventricular diastolic function was assessed using transmitral doppler. The E and A filling velocities were measurable, as were E-wave deceleration time (EDT) and E/A ratio. The isovolumic relaxation time (IVRT) was also recorded from the apical 4-chamber view by simultaneous recording of the aortic and mitral flows [24] .
Statistical analysis
Student's T test, Mann-Whitney-U and Chi-Square tests were used for statistical comparisons. SPSS (Statistical Package for the Social Sciences, version 10.0, SSPS, Inc, Chicago, IL, USA) software programme for Windows was used in personal computer. Results were presented as means ± S.E.M; P value < 0.05 was considered to be statistically significant.
Results
Demographic and biochemical results
The main clinical characteristics of the patients are given in Table 1 . A total of 123 patients completed the study and had echocardiographic examinations of good technical quality. A dipping pattern was observed in 65 (52.8%) of the 123 patients, and a non-dipping pattern in 58 patients (47.2%). Of these patients, 81 (65%) were women and 42 (35%) men. Non-dippers tended to be older. Body mass index was higher in the non-dippers (26 ± 4 versus 28 ± 4, p<0.05). There were no significant differences in age, duration of hypertension and smoking habit in the two groups; in addition, serum total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, C-reactive protein (CRP), urea and creatinine levels were not significantly different among the groups. 
BP nocturnal profile and cardiac structure and function
In the ABPM period, a dipping pattern was observed in 65 (52.8%) of the 123 patients, and a non-dipping pattern in 58 patients (47.2%). LVIDs, IVST, PWT, and LVM were significantly greater in non-dippers compared to dippers. LVIDd, aortic root diameter, left atrium diameter, RWT, and ejection fraction were similar in dippers and nondippers (Table 2) 
Proteinuria
The proteinuria in spot urine was significantly higher in non-dipper patients (Table 1) .
Pharmacological treatment
Pharmacological treatment regimens were similar in dipper and non-dipper patients. (Table 3 ). The compliance with pharmacological treatment was satisfactory in all/ both patients; all patients reported taking the prescribed drugs regularly. The frequencies of using antihypertensive medicine categories were diuretics 10.8% vs 16.4%, angiotensin-converting enzyme inhibitor (ACEI) 24.6% vs 23.6, angiotensin receptor blocker (ARB) 46.2% vs 40.0%, calcium channel blocker (CCB) 23.1% vs 38.2, and beta-blocker (BB) 24.6% vs 27.3% respectively in dippers and non-dippers.
Discussion
Cross-sectional and prospective data have shown that non-dippers have more target organ damage compared to dippers in normotensive and hypertensive subjects [25] . The results of the present study show that: (i) patients who had a fall in BP at night had more pronounced cardiac abnormalities compared to those with a dipper pattern; (ii) proteinuria in spot urine was higher in the non-dipper group than in the dipper group; (iii) patients in non-dipper groups tended to be older and had a higher BMI.
Since 1988, when the dipper/non-dipper classification was first introduced by O'Brien et al., who, in a retrospective analysis, suggested that nondipping hypertensive patients had a higher risk of stroke than the majority of patients with a dipping pattern [26] , many studies evaluated the impact of a reduced decrease in nocturnal BP on cardiac and extracardiac TOD with discordant findings in both long-established Table 3 . Anti-hypertensive medications of study population.
as well as recently diagnosed essential hypertensives. Some authors found that a decline less than 10% of daytime BP level (the standard threshold value used to define non-dippers) was associated with greater left ventricular structural and functional abnormalities, and renal dysfunction [5, 7] , while other investigators failed to demonstrate any significant differences in cardiac and vascular involvement between dippers and nondippers [11, 27] . These conflicting findings in the existing literature may partially reflect methodological problems.
Patients who made up a large majority of the previous studies were on antihypertensive treatment for different intervals, this may have affected the relationship between BP and organ damage in a complex way. In addition, it is possible that the greater prevalence of LVH reported by some studies in non-dippers is a function of a higher cumulative 24-hour pressure load rather than the non-dipping phenomenon per se [28] . The most obvious explanation for the fall of pressure during sleep is a reduction of sympathetic nervous activity paralleling the change of arousal, and it is certainly true that many indexes of sympathetic activity, such as plasma catecholamines, heart rate, cardiac output, and peripheral resistance, are all lower [29] . In Cuspidi's study [11] , the reduced nocturnal fall in BP was found in the majority of the whole study population (53%), and appeared particularly high in the group of refractory hypertensives (67%). These findings were in accordance with earlier reports of an increased prevalence of non-dippers among patients receiving antihypertensive therapy compared to untreated patients with recently diagnosed hypertension [30, 31] . Different factors may explain this finding. In treated hypertensive patients non-dipping could be associated with the lack of therapeutical coverage for the 24-hour day. This complex phenomenon may reflect a predominance of pressure influences (i.e. angiotensin II, chatecolamines etc) over depressor ones (i.e. reduction of sympathetic nerve activity, an increase in vagal activity etc) that help to regulate BP at night [32] .
By conventional Doppler echocardiography, we observed that the mitral E wave deceleration time was significantly prolonged in non-dipper patients with hypertension. The E wave deceleration time was characteristically prolonged in patients who had a relaxation abnormality, because it took longer for left atrial and ventricular pressures to equilibrate with a slower but continuous decrease in LV pressure [24, 33] .
An increased left ventricular mass and left ventricular mass index is a well known risk factor in hypertensive patients and can sometimes occur very early in the course of hypertension [34] . Compared to dipper hypertensives, non-dippers in our study showed a significant increase in their LVM. Aydin and colleagues suggested that, diastolic function impairment was more significant in non-dipper hypertensive patients than in dipper hypertensive patients [35] . However, conflicting data existed in the literature. Verdecchia et al. reported that, the changes in LVM showed a significant direct association with the changes in 24-hour systolic blood pressure [36] . Ferrrara et al. assessing LV structure and diastolic function in 123 patients with long-standing hypertension in whom antihypertensive treatment was discontinued for a period of 4 weeks, made note of any significant difference in left ventricle among dippers and non-dippers, suggesting that unfavorable consequences of non dipper status might be blunted by the duration of hypertension [37] . In a large sample of treated dipper and non-dipper essential hypertensive patients with different clinic BP control and prevalence of LVH shows that a reduced nocturnal fall in BP, established on the basis of a single ABPM, is not associated with more pronounced cardiac involvement. In fact, they found no difference in left ventricular size, systolic and diastolic function or prevalence of cardiac hypertrophy between patients with and without a normal fall in BP during the night [11] . These data were in agreement with several studies that failed to detect any significant difference between dipper and non-dipper hypertensive patients or found only a very mild impact of a blunted nocturnal BP reduction on cardiovascular characteristics [13, 38] .
In the present study, the proteinuria in spot urine was significantly higher in the non-dipper group. Timio et al. reported that the non-dippers had a faster rate of creatinine clearance decline than the dippers. Also the urinary protein excretion increase was higher in the non-dipper group than in the dipper group. A comparison of patients with hypertensive renal disease of over 3 years duration showed a 1.7-fold greater fall in creatinine and a 1.7-fold greater increase in the level of proteinuria in non-dippers as compared to dippers matched for such characteristics as age, sex, and office BP [39] . This phenomenon suggests that being a non-dipper is associated with a more rapid decline in renal function. We can suggest that the non-dipping pattern of ambulatory BP associated with a faster progression of renal insufficiency in hypertensives and that a proper nocturnal BP control is an additional aim of antihypertensive therapy.
There is evidence to suggest that individuals with essential hypertension and a non-dipping BP pattern have a disturbed circadian rhythm and standing position of natriuresis (excretion of excess urinary sodium) [40] . Uzu et al. [40] have postulated that among hypertensive individuals with a non-dipping BP pattern, daytime natriuresis is reduced leading to elevated mean arterial pressure and increased natriuresis during the night. Further support of this hypothesis is the finding that diuretic therapy has been found to restore the nocturnal dipping BP pattern in hypertensive patients with a nondipping BP pattern. Therefore, sodium restriction and diuretic therapy may have an additional therapeutic advantage of reducing the risk for cardiovascular complications by also restoring the dip in nighttime BP [41] . In our study, the usage of diuretic therapy was higher in non-dippers compared to dippers, but there was no significant difference.
A retrospective analysis of a large international database revealed the degree of BP non-dipping increased with age even after adjusting for sex, hypertension, and geographical location [4] . Contrary to the aforementioned study, Musialik et al. reported nondipping BP patterns were more common among younger (22-45 years) hypertensive subjects when compared to older (65-79 years) hypertensive subjects in their study [42] . Multiple linear regression analysis showed that older age and decreased BMI were independent determinants of the non-dipper pattern. Environmental factors that may influence the circadian rhythm of BP include smoking, alcohol intake, and sodium intake [43, 44] . In our study, non-dippers tended to be older.
Body mass index was higher in the non-dippers. However, there were no significant differences in age, duration of hypertension and smoking in the two groups; in addition, serum total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, CRP, urea and creatinine levels were not significantly different in the groups.
The present study has some limitations. Firstly, microalbuminuria is known to be highly variable for detecting the renal damage, but we were unable to do it. Proteinuria in the spot urine was used and was measured only once in our patients. Secondly, further repetition of the ABPM sessions over a longer period of time may have provided an even more accurate classification of non-dipper subjects [45] .
In conclusion, the non-dipper pattern of nocturnal BP is a strong predictor of cardiac events, and should be in older hypertensives. Furthermore, nocturnal BP appears to further predict the risk of hypertensive renal disease in older patients. If possible, hypertensive patients should be evaluated by ambulatory blood pressure monitoring in order to identify those patients at greater risk of morbidity and mortality; thus bypassing further complications and curtailing clinical problems through follow-up.
